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.2012.12.0Abstract The aim of the current work is to study the reproductive biology of Argyrosomus regius
(Asso, 1801) collected from the wild catch of Egyptian Mediterranean coast. This is to give a clear
image about the spawning season, length at ﬁrst sexual maturity, and to identify gonadal matura-
tion using histological analysis in respect to steroid hormone concentration throughout 1 year per-
iod. The present results revealed that wild meagre has a protracted spawning season starting in
April and ending in July. The length at ﬁrst sexual maturity of female ﬁshes started at larger lengths
than males 47 cm for females and 45 cm for males. By comparing calculated gonadosomatic index
(GSI) to histological analysis it is clear that male ﬁshes started gonadal maturation before female
ﬁshes. Plasma steroid level showed ﬂuctuations in its mean concentration as Testosterone showed
massive increase during male gonadal maturation and ripening stages. Plasma Progesterone and
Estradiol levels displayed different patterns in their mean concentration during developmental
stages throughout the maturation period of ovaries and testes. They showed signiﬁcant declination
in mature ﬁsh plasma followed by an insigniﬁcant increase during nearly ripe and ripening periods.
The current data showed that wild meagre displays a gonochoristic group-synchronous oocyte
maturation pattern. More investigation on this important ﬁsh species is recommended to establish
a breeding protocol for aquaculture purpose.
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02Introduction
The sciaenid meagre (Argyrosomus regius) is found in the Med-
iterranean and Black Sea and along the Atlantic coasts of Eur-
ope and the west coast of Africa. Meagre lives in inshore and
shelf waters, close to the bottom or near the surface (depth
range 15–200 m); it also enters estuaries and coastal lagoons
(Chao 1986; Grifﬁths and Heemstra, 1995). A survey on mea-
gre (A. regius) reported that the total catches are restricted to
the Eastern Atlantic 8000 metric tons/per and the Mediterra-
nean Sea 1000 metric tons/year (Que´me´ner, 2002).uction and hosting by Elsevier B.V. All rights reserved.
148 N.M. Abou Shabana et al.Meagre could be a good candidate for aquaculture due to its
high ﬂesh quality and ﬂavour, high commercial value (over
2 kg), rapid growth (between 16 and 20 C) and high tolerance
to salinity. It also provides low-fat meat even under intensive
farming conditions (Piccolo et al., 2008). It resembles sea bass
and sea bream in terms of keeping time (shelf life), freshness
class pH (measured in eye liquor or in epiaxial muscle), rigor
index and dielectric properties of ﬁsh evolution on the basis
of results of preceding trials on these species using the same
storage conditions (Poli et al., 2003). There is an increased
interest among aquaculturists around the world for fast grow-
ing species such as cobia (Rachycentrom canadum), greater
amberjack (Seriola dumerili) and different species of groupers
and tunas, which are a small group of selected ﬁsh where more
efforts were put on (Ottolengui et al., 2004). However, the most
important obstacles which are facing meagre reproduction and
larval rearing is the larval survival success, also the elevated fry
production cost (Battaglene and Cobcroft, 2007). The ongrow-
ing of reared juveniles until broodstock was successfully held
for the ﬁrst time at the Instituto Canario de Ciencias Marinas
(Spain). Natural spawning occurs in Canary Islands from Jan-
uary to May (Moal, 1959), while under culture conditions
spawning seasons lasted from April to June, with high survival
rates at ﬁrst feeding. Some reports exist on captive or induced
spawning and information on wild specimens indicates that
sexual maturity occurs at >8 kg BW (Duncan et al., 2008).
The reproductive biology of brown meagre (Sciaena umbra)
was recently studied by Grau et al. (2009). This benthic Sciae-
nid is distributed from the eastern Atlantic (from the English
Channel to Senegal, included the Canary Islands) to the Med-
iterranean Basin, Black Sea and Sea of Azov. In the Mediter-
ranean, the species is more abundant in southern and eastern
regions, where it constitutes an important component of ﬁsher-
ies (eg. Algeria, Tunis, Egypt, Turkey), whereas, it is rarely
caught and not present in local ﬁsheries statistics in some
northern Mediterranean countries (Harmelin et al., 1995).
Sex differentiation investigating serum levels of sex steroids
in Meagre had been studied by Schiavone et al. (2011). They re-
ported that it is gonochoristic species, which attains sexual
maturity at 2 and 3 years of age for males and females, Results
also suggested that, inmales theTestosterone and 11-ketotestos-
terone would have different roles in the regulation of testicular
maturation. 11-KT could be involved in spermatogenesis and
spermiation, while T in the sex differentiation. In females the
estradiol is the major steroid involved in the oocyte maturation.
A recent trial of induced breeding by Roo et al. (2007) ob-
tained Meagre eggs from a hormonal induction using (LHRH)
induced spawning technique. Larval feeding protocol included
the use of rotifers (Brachionus sp.) from 5 to 10 rotifers ml1
grown out on commercial yeast (Saccaromices cerevisiae) and
enriched with DHA Protein, larvae were fed twice a day
(8:00 am and 15:00 pm).
Very few references are available concerning the reproductive
biology of this economic species, although it is considered as an
important basic tool helping to employ a spawning induction
technique.Changes inhormonal proﬁle, gonads and spermqual-
ity ofA. regius (Pisces, Scianidae) during the ﬁrst sexual differen-
tiation and maturation was studied by Schiavone et al. (2011).
Based on the previously mentioned obstacle and few avail-
able data, the aim of the current work is to study the reproduc-
tive biology of this economic ﬁsh species in Egyptian
Mediterranean coast. This is to give a clear image about thespawning season, length at ﬁrst sexual maturity, and to iden-
tify gonadal maturation using histological analysis in respect
to steroid hormones throughout 1 year period.
Materials and methods
Samples collection
The total number of captured ﬁsh samples of A. regius col-
lected from June 2011 to May 2012 were 86 specimens; they
were collected monthly from the wild catch from the area be-
tween Arish to Port Saied which is located on the Eastern
Mediterranean cost of Egypt.
Data analysis of reproductive biology parameters
Morphometric measurements were determined to measure the
length at ﬁrst sexual maturity for both sexes.
To evaluate the gonadosomatic index (GSI) gonads were
quickly removed and weighed. The following formula was
employed
GSI ¼ ðGW=BWÞ  100
where BW= gutted body weight (g), GW= gonad weight (g).
The length weight relationship (WLR) between weight (W)
and total
length ðTLÞ; W ¼ aTLb
This formula was converted into its logarithmic expression:
lna+blnTL. The parameters (a and b) were calculated by least-
square regression, as was the coefﬁcient of determination (r2).
Histological examinations
After necropsy of ten ﬁsh per group, tissue specimens of themale
and female gonads were removed, ﬁxed in Bouin’s ﬂuid and rou-
tinely processed for parafﬁn embedding. Male gonad sections
were cut at 3–5 lm while female gonad sections were cut at 5–
8 lm, then stained with Haematoxylin and Eosin (H&E).
Hormonal assay
Plasma of meagre males and females in all maturity stages
were tested to determine testosterone using direct ELISA kit
daignonstic Biochem Canada Inc. While, Progesterone and
Estradiol were estimated using EIA kit Enzo. Mean values
were calculated (n= 5 mean ± SEM). Statistical analysis
was carried out using Statistical Package for Social Sciences
(SPSS/version 17) software. Arithmetic means and standard
deviation for numerical data were used to compare more than
two groups, ANOVA test followed by Waller-Duncan method,
to show the signiﬁcance between groups. The level of signiﬁ-
cance was calculated at 60.05.
Results
Reproductive biology of A. regius
Length at ﬁrst sexual maturity
The current data shows that the ﬁrst sexual maturity in female
meagre starts at 47 cm as 10% of collected female samples are
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ual maturity in male meagre starts at 45 cm length as about
10% of the collected male samples are sexually mature (Fig. 2).
Gonadosomatic index
The highest peak of gonadosomatic index in male meagre was
in March indicating that this month is the start of spawning
period of the studied ﬁsh (Fig. 4). This is followed by the high-
est GSI in female meagre which occurred in April (Fig. 3).
Accordingly, the spawning season of this ﬁsh is almost occur-
ring between March and June.
Egg diameter
The ripe ovary contains ripe eggs with maximum diameter of
0.65 mm comprising almost 15% of the total measured eggs
in a ripe ovary.
It is also clear that the ripe ovary has a large percentage of
primary growth oogonia with a percentage of 14% indicating
that these are reserved to the following spawning season (Fig. 5).
The coefﬁcient of determination (r2) values in females, males
and immature ﬁsh are 0.955, 0.953 and 0.965 respectively
(Table 1). The results show a negative allometric growth pattern
in both sexes and immature ﬁshes as b value is less than 3 (Fig. 6).
Histological analysis of maturity stagesMaturation period Female
I. Immature The presence of oogonia cell or pre-synaptic cell is a
characteristic feature of this period. The oogonia are
small spherical cells embedded in the ovigorous lamell
a diameter ranged from 12 to 15 lm, having a thin pe
zone of faint staining transparent cytoplasm and a la
basophilic nucleus (Fig. 7)
II. Mature The ovary in this period is characterized by the appear
isolated follicular epithelial cells around the primary
forming follicular layer. Such oocytes (perinucleolus o
are polygonal or hexagonal, ranging from 68 to 112 l
diameter (Figs. 8–10)
III. Nearly ripe Vacuolization of oocyte cytoplasm is very clear in this
at the periphery of the cytoplasm. At the beginning o
period the vacuoles are few in number and small in d
reaching 10 lm. The oocyte between 110 and 130 lm
diameter. At the end of this period the diameter of va
and the ova increase to reach 18 and 200 lm respecti
(Fig. 11)
IV. Ripe &
Spawning
Gradual appearance of yolk granules on the peripher
cytoplasm. The yolk granules extend centripetal to th
cytoplasm. The oocyte at the primary yolk stage rang
diameter between 220 and 310 lm, then, gradual incr
diameter is clearly detected in the secondary yolk stag
reaching 450 lm. They reach their maximum diameter
in the tertiary yolk deposition stage. The yolk granul
reach their maximum diameter 12 lm. The ovary per
increase in size during the onset of spawning period (F
14)
VI. Spent and
recovery
The ovarian walls started to become thick displaying
muscular wall and showing some oogonia and numer
primary growth oocytes (Fig. 15)Plasma steroid hormones
Table 2 shows the mean concentrations of plasma steroids. The
measured steroids were detected in ng/ml ± SEM. The mean val-
ues recorded of plasma steroids (Testosterone, Progesterone and
Estradiol) show a signiﬁcant difference in the immature meagre
than in other stages of maturity at P6 0.05. The recorded values
are 0.513 ± 0.063, 1.683 ± 0.10, 0.0933 ± 0.046 ng/ml respec-
tively. Themature females andmales showamarked rise inTestos-
terone with an insigniﬁcant difference from each other with mean
concentration values of 1.866 ± 0.07 and 1.47 ± 0.051 ng/ml
respectively. During the spawning season as the GSI increases,
the mean concentrations of Testosterone show a considerable rise
in nearly ripe and ripe females reaching 6.1 ± 0.3 and 8± 0.7
respectively. These concentrations are insigniﬁcantly different
from each other; however, there is a signiﬁcant difference between
themandother stagesofmaturity.Thehighestmeanconcentration
value of Testosterone is displayed in ripe males. It differs signiﬁ-
cantly from all stages of maturity reaching 33 ± 0.78 and it is fol-
lowed by a signiﬁcantly high mean concentration value reaching
18 ± 0.45 in nearly ripe males.
Progesterone displays a different pattern than Testosterone
as in mature, nearly ripe and ripe females it shows a signiﬁcant
declination than immature ones with a mean concentration
values of 0.45 ± 0.05, 0.55 ± 0.05 and 0.74 ± 0.055 ng/ml
respectively. Although these concentrations show a slight riseMale
very
ae with
ripheral
rge
The immature testis consists of nests of spermatogonia of 1ry
and 2ry types. They are spherical cells with faintly stained
cytoplasm containing large nucleoli. The primary types are
larger in size than the secondary ones, the larger are ranging
from to10 to 12 lm, while, the secondary ones are ranging
from 6 to 8 lm and. The 1ry spermatogonia are arranged on
the periphery of the lobule, while the nests of the 2ry
spermatogonia are located internally towards the central
region of the lobules (Fig. 16)
ance of
oocyte
ocyte)
m in
The testis in this period shows the beginning of active
spermatogenesis as 1ry and 2ry spermatocytes starts to be
detected. In spermatocytes, neither the nucleoli nor the cell
membrane could be clearly diﬀerentiated. The 1ry ones
measure about 6 lm in diameter and the 2ry spermatocytes
are about 5 lm in diameter (Fig. 17)
period
f this
iameter
in
cuoles
vely
The nearly ripe testis shows more active spermatogenesis at
all stages of development. Nests of primary and secondary
spermatocytes, spermatids and few numbers of spermatozoa
could be easily detected. Few numbers of spermatogonia can
be noticed on the periphery of the testsis. The spermatids
measured about 2 lm diameter and are characterized by their
compact and dense chromatin (Fig. 18)
y of the
e entire
ed in
ease in
e
550 lm
es also
sists to
igs. 12–
The semineferous lobules contains a large quantity of
spermatozoa with little amount of spermatids. The
spermatids metamorphose to give rise to spermatozoa
without disintegration of interlobular connective tissue. At
late spermatid stage the cytoplasm is symmetrically
distributed around the nucleus, which shows a diﬀuse
chromatin, circular outline and a circle of 2 lm in diameter.
spermatozoa has a spherical head measured 1 lm in diameter
(Fig. 19).
thick
ous
The seminephrous lobules becomes lacking spermatozoa,
while, developing spermatocytes and spermatids are clearly
detected (Fig. 20)
Figure 1 A histogram showing the length at ﬁrst sexual maturity in female A. regius.
Figure 2 A histogram showing the length at ﬁrst sexual maturity in male A. regius.
150 N.M. Abou Shabana et al.during gonadal development, they are insigniﬁcantly different
from each other but; they signiﬁcantly differ from all stages of
maturity of both sexes. The mean concentration value of this
hormone shows a signiﬁcantly different declination in nearly
ripe and ripe males reaching the least mean values of
0.09 ± 0.0057 and 0.05 ± 0.0045 ng/ml respectively.
The Estradiol shows the same pattern as Progesterone in
immature gonads as it displays its maximum concentration
with signiﬁcant mean value of 0.0933 ± 0.046 ng/ml. During
the development of female and male gonads a marked dec-
lination in the concentration of Estradiol is clearly detected.In mature, nearly ripe and ripe female plasma, the mean
concentration values are 0.0273 ± 0.008, 0.0285 ± 0.006
and 0.021 ± 0.003 ng/ml respectively. Though a slight rise
in nearly ripe mean concentration of this hormone is
recorded, it is insigniﬁcantly different from the rest of
concentrations in female stages. On the other hand, a signif-
icant declination in the Estradiol mean concentration values
in male plasma is detectable reaching the maximum declina-
tion in ripe male plasma. The recorded values are
0.021 ± 0.003, 0.015 ± 0.0008 and 0.009 ± 0.0006 ng/ml
respectively.
Figure 4 The gonadosomatic index of male A. regius throughout
a year.
Figure 3 The mean gonadosomatic index of female A. regius
throughout a year.
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Figure 5 The percentage distribution of ova diameter in ripe
ovaries of A. regius. C.1.d. Length weight relationship.
Table 1 Length weight linear relationship in female, male and
immature Argyrosomus regius.
L-W a b r2 n
Population 86
Female 0.054 2.606 0.97 30
Immature 0.020 2.856 0.96 30
Male 0.059 2.611 0.962 26
Data are signiﬁcantly different at p 6 0.01.
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The current study is focusing on the reproductive biology
parameters and histological investigations of gonadal matura-
tion in respect to steroid hormones. The current results re-
vealed that the length at ﬁrst sexual maturity of the female
A. regius collected from the wild catches was 47 cm, while, in
case of males results revealed that the length at ﬁrst sexual
maturity was 45 cm. The present results are not in compliance
to those mentioned by Schiavone et al. (2011) and Grau et al.
(2009) in their studies on A. regius and S. umbra. They men-
tioned that A. regius which is reared in tanks over two consec-
utive years starting from 4 months old reached ﬁrst sexual
maturity at 35 cm for females and 26.1 cm for males. Also,
S. umbra captured from Balearic coastal wild stock femalesreached ﬁrst sexual maturity at 29.9 cm, while, males reached
ﬁrst sexual maturity at 25.4 cm.
The present results also revealed that the highest GSI for
studied females A. regius was recorded in April, May and June.
However, the highest peak of GSI for male ﬁshes was recorded
in March, April, May and June.
These data are in accordance with the present results, which
stated that the higher values of GSI in May and June for the
Balearic brown meagre which ﬁts well with a spring-summer
spawning (Grau et al., 2009). Other investigators (Chakroun
and Ktari, 2003) used the GSI to delineate the spawning sea-
son in S. umbra inhabiting Tunisian coast of the Mediterra-
nean Sea. Matured individuals were measuring from 20 to
22 cm for males, while, for females ranged from 21 to 23 cm
(standard length). S. umbra reproduction happens from March
to August, and gonadal maturation took place from March to
June; spawning occurs in July and August while sexual resting
extends from September to March. Brown meagre inhabiting
the Adriatic Sea attain sexual maturity and a large size quickly,
namely; at about <15% of their long life span ie. at age. As a
consequence, they can be sexually active over a potential life-
span of at least 20 years. On the other hand, the long life ob-
served in brown meagre suggests a low mortality rate for
larger-older ﬁsh, providing concerns in sustaining heavy ﬁsh-
ing pressure (La Mesa et al., 2006). In case of Argyrosous re-
gius, GSI highest peaks was found to conform to the current
study results starting from April till July but in captivity
(Schiavone et al., 2011).
Though the GSI provided a determination of the time of
spawning and spawning season, histological data alone pro-
vided more accurate evidence. In temperate seas such as the
Mediterranean there are distinct annual cycles of light inten-
sity, temperature, nutrients and wind which affect the repro-
ductive cycle of ﬁsh (Grau et al., 2009). The present study of
gonadal histology revealed that A. regius collected from the
Egyptian Mediterranean coast displays a group-synchronous
pattern of reproduction as at least two groups of oocytes are
present in the ovary at any one time. Such a group-synchro-
nous ovarian conﬁguration is typical of iteroparous species,
which in temperate waters are typically total spawner species
with very protracted spawning seasons. The yolk accumulation
relies mostly on the food available in the environment at that
moment and their spawning process takes place during the
current breeding season eg. Redﬁshes, Monkﬁsh, Herring,
Sea trout, Elasmobranchs and Atlantic Salmon (Murua and
Saborido-Rey, 2003). Brown meagre is also an iteroparous,
gonochoristic, batch-spawning species with external
fertilization, as are all the studied members of the Sciaenidae
(Francescon and Barbaro, 1999; Fennessy, 2000; Grau et al.,
2009).
Figure 6 Regression curve showing the length-weight relation-
ship in linear expression of females, males and immature Argyr-
osomus regius.
Figure 7 Photomicrograph of a cross section in A. regius
immature ovary displaying cytoplasmic growth or oogonia (Cg)
and perinucleolous oocytes (pn). X400 (H&E).
Figure 8 Photomicrograph of a cross section in A. regius early
mature ovary displaying different sizes of perinucleolous oocytes
(pn) with clearly detected follicular epithelium (Fe). X400 (H&E).
152 N.M. Abou Shabana et al.Fluctuations in steroid hormones during vitellogenesis and
the maturational phase tend to depend on spawning strategy;
(1) the pattern of steroid secretion in species with synchronous
gamete development is typiﬁed by one or two main peaks of
activity, as seen in some salmonids and cyprinids where there
is annual or bi-annual spawning and production of a single
ovulatory clutch (group synchronous; Tyler et al., 1990; King
and Pankhurst, 2003). Under this scenario, plasma levels of sex
steroids are low or undetectable prior to vitellogenesis. During
vitellogenesis, there is a gradual increase in plasma E2 levels in
females with matching patterns of T. Plasma E2 levels peak to-
wards the end of vitellogenesis and they decline rapidly in the
maturation phase. Plasma T levels decline as oocyte matura-
tion proceeds, whereas plasma maturation-inducing hormone
(17,20b dihydroxy-4-pregnen-3-one) levels rise rapidly (Scott
et al., 1980; Pankhurs and Thomas, 1998; King and Pankhurst,2003); (2) the patterns of ovarian development in species with
asynchronous gamete development, are more variable, and
there is an extended spawning season with multiple cycles of
gamete maturation and spawning. Therefore, patterns of plas-
ma steroid hormones are dissimilar to those of group synchro-
nous species. The main difference is that there is not
necessarily a fall in plasma T and E2 levels at ovulation espe-
cially if there are further developing oocyte clutches in the
ovary. In some species, the highest T and E2 levels occur in fe-
males undergoing oocyte maturation and ovulation (Pankhurs
et al., 1999).
The high level of plasma E2 during the primary growth
phase of the oocyte may be related to recruitment (prolifera-
tion) of ovarian germ cells (Heidar et al., 2010). The current
results are in coincidence to the previously mentioned ones as
Figure 10 A photomicrograph in of a cross section A. regius late
mature ovary displaying more developed yolk nucleus oocyte and
a migrating yolk nucleus (Yn) and X400 (H&E).
Figure 11 Photomicrograph of a cross section in A. regius
vacuolized ovary showing the oocyte’s wall, zona radiate (ZR)
follicular epithelial layer (FE), large nucleus (N) and a number of
nucleoli (n) arranged on the nucleus periphery. X400 (H&E).
Figure 12 Photomicrograph of a cross section in ripe overy of A.
regius showing primary yolk oocyte with large nucleus (N), yolk
granules (Y), vacuoles (v), zona radiata (ZR) coated with follicular
epithelial layer (FE). X400 (H&E).
Figure 9 Photomicrograph of a cross section in A. regius mature
ovary displaying different sizes of perinucleolous oocytes (pn) and
appearance of yolk nucleus (Yn). X400.
Figure 13 Photomicrograph of a cross section in A. regius
vacuolized ovary showing secondary yolk oocyte with amoeboid
small nucleus (N), large vacuoles (v), X250 (H&E).
Figure 14 Photomicrograph of a cross section in A. regius
vacuolized ovary showing magniﬁcation of the wall of tertiary
yolk stage zona radiate (ZR) and follicular epithelial layer (FE)
X1000 (H&E).
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Figure 15 Photomicrograph of a cross in A. regius showing
recovered ovary and displaying cytoplasmic growth oogonia (Cg),
perinucleolous oocytes in primary growth phase (pn) and thick
muscular wall (w) X250 (H&E).
Figure 16 Photomicrograph of a cross section in A. regius
immature testis showing 1ry and 2ry spermatogonia. X400 (H&E).
Figure 17 Photomicrograph of a cross section in A. regius
mature testis showing some spermatogonia (spg), 1ry and 2ry
spermatocytes (1rySp & 2rySp). X250 (H&E).
Figure 18 Photomicrograph of a cross section in A. regius nearly
ripe testes showing 1ry and 2ry spermatocytes (sp), spermatids
(spd) and few lobules of spermatozoa (spz). X400 (H&E).
Figure 19 Photomicrograph of cross section of nearly in A.
regius ripe testis showing magniﬁcation of spermatozoa lobule
showing head of sperm (H) and tails (T) X1000 (H&E).
Figure 20 Photomicrograph of cross section in A. regius spent
testis showing empty seminephrous lobule, developing spermato-
cytes (sp) and a considerable amount of spermatids (spd). X250
(H&E).
154 N.M. Abou Shabana et al.meagre is considered to be a group–synchronous spawner,
thus, the pattern of T obeys the same elevated pattern. On
the other hand the E slightly decreases to reduce the intensityof sex steroid feedback which is required for the development
of oocytes and hence the Progesterone level slightly increased
to attain ﬁnal oocyte maturation. This result is in accordance
Table 2 Showing the mean values of plasma steroids in different sexual maturation stages in female and male A. regius.
HormoneSex Testosterone (ng/ml) T Progesterone (ng/ml) P Estradiol (ng/ml) E
Immature 0.513 ± 0.063e 1.683 ± 0.10a 0.0933 ± 0.046a
Female (mature) 1.866 ± 0.097d 0.45 ± 0.05c 0.0273 ± 0.008c
Female (nearly ripe) 6.1 ± 0.3c 0.55 ± 0.051c 0.0285 ± 0.006c
Female ripe 8 ± 0.7c 0.67 ± 0.042bc 0.021 ± 0.003c
Male (mature) 1.47 ± 0.051d 0.74 ± 0.055b 0.0487 ± 0.004b
Male (nearly ripe) 18 ± 0.45b 0.09 ± 0.0057d 0.015 ± 0.0008d
Male ripe 33 ± 0.78a 0.05 ± 0.0045d 0.009 ± 0.0006d
p 0.001* 0.046* 0.039*
Values with the same superscript lower case show insigniﬁcant difference.
* Values are signiﬁcantly different at P 6 0.05 within the same column.
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the relation between gonadal hormones and sexual maturity
of female Kutum (Rutilus frisii kutum) during spawning sea-
son. Rinchard et al. (1993) mentioned that in other teleosts
such as gudgeon (Gobio gobio), there was no decrease of E2
level during oocyte maturation. Some author results who
worked on other species were in conformation to the current
recorded results and they also conﬁrm that Testosterone and
estradiol levels are normally quite high in ﬁsh eggs, arising
maternally from the signiﬁcant levels of sex steroids present
in the maturing female (Rothbard et al., 1987; Feist et al.,
1990). These egg steroid levels drop during early develop-
ment, such that by this time sex-determination events are ini-
tiated, steroids are at low or undetectable level would not
override sex determination inﬂuences inherent to the develop-
ing individual (Devlin and Nagahama, 2002).
Testicular maturation of A. regius was studied in the pres-
ent work to describe the annual reproductive cycle. Histolog-
ical sections in comparison to the GSI revealed that male
gonads started to become differentiated before female go-
nads. This result is not in accordance with the result obtained
in meagre reared in tanks from the 4th month age over two
successive breeding seasons as gonadal differentiation in fe-
males occurs earlier than in males. It has been stated that pri-
mary oogonia can be detected in ovaries of 9-month-old ﬁsh,
while primary spermatogonia cannot be detected in ﬁsh
younger than 11 months (Schiavone et al., 2011). This
difference which is recorded by these authors may be owing
to the domestication of the meagre ﬁngerlings and captivity
inﬂuence.
The present results show that, immature males of the tar-
get species display nests of spermatogonia of 1ry and 2ry
types. After secondary spermatogonia accomplish the ﬁnal
mitotic division, the meiotic division started to take place
to produce the primary spermatocyte subsequently followed
by the secondary spermatocytes as they are clearly detected
in mature testes undergoing active spermatogenesis. During
active maturation of testes the mean level of plasma testoster-
one started to increase reaching its maximum concentration
when gonads started to be fully ripe. The semineferous lob-
ules contained some spermatids and full of well differentiated
spermatozoa. Estradiol-17h is found at much higher levels in
females than males, and is believed to be the major sex ste-
roid responsible for inducing and maintaining ovarian devel-
opment (Yamamoto, 1969). Both testosterone and 11-
ketotestosterone are found in males, the latter being the ma-
jor androgen responsible for testicular development (Jianget al., 1996; Miura et al.,1996; Nagahama, 1999). These re-
sults are not in accordance to the current results as the Tes-
tosterone reached its maximum mean concentration value in
plasma of ripe males, whereas, Estradiol and Progesterone
were found in much lower concentration levels in the same
stage of male maturation stage.
Conclusion
From the present data we conclude that wild A. regius col-
lected from the Egyptian coast of the Mediterranean Sea has
a protracted spawning season started in April and ended in
July. The length at ﬁrst sexual maturity of female ﬁshes started
at larger lengths than males calculated as 47 and 45 cm respec-
tively. By comparing the calculated GSI to histological analy-
sis it has been concluded that male ﬁsh started gonadal
maturation before female ﬁshes. Wild meagre displays a
gonochoristic group-synchronous oocyte maturation pattern.
Plasma steroids level showed a ﬂuctuation in mean concentra-
tion as Testosterone showed massive increase during male go-
nads maturation and ripening stage, while, Progesterone and
Estradiol displayed different pattern in the mean concentration
during developmental stages throughout the maturation peri-
od of ovaries and testes as they showed a signiﬁcant declina-
tion in mature stages of both sexes followed by an
insigniﬁcant increase during nearly ripe and ripening period.
The current data on the reproductive biology of meagre
presents a thorough idea about its reproduction in the Egyp-
tian Mediterranean coast. Ultimately, more investigations are
recommended to establish a breeding protocol for propagation
in captivity for aquaculture purpose.
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